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Purpose: Previous epidemiologic studies have established that there is
a strong relationship between anterior cruciate ligament (ACL) disruption
and the risk for subsequent development of osteoarthritis (OA). Though
not normally considered a classical inﬂammatory arthropathy, OA is often
associated with low-grade synovitis. In patients with OA, synovial
inﬂammation is one factor associated with risk of progression of structural
joint deterioration and symptoms. The aims of the study were to charac-
terize the synovial features in patients undergoing ACL reconstruction
after traumatic ACL rupture and to determine the relationship between
inﬂammation and meniscal and cartilage abnormalities.
Methods: The studywas conducted in the context of the ACL registry at the
Hospital for Special Surgery, which maintains extensive records of
preclinical, intraoperative and post-operative data for 1200 patients who
have undergone ACL reconstruction for traumatic ACL rupture. Synovial
biopsies were collected from 40 patients during arthroscopic surgery and
processed for histology and RNA extraction. Synovial features of inﬂam-
mation, reaction, and degeneration were assessed using a combination
histological synovial scoring system developed at our institution in which
the following six features were graded: perivascular mononuclear cell
inﬁltration, detritus, mucoid change, ﬁbrosis, increased vascularity and
hyperplasia of the synovial lining layer leading to a total combined score of
15. The following clinical data were also collected: age, sex, BMI, date of
injury, time to surgery and the intraoperative presence or absence of
meniscal and/or cartilage abnormalities. Suprapatellar synovial levels of
mRNA for 4 chemokines (IL-8, CCL19, CCL21, and CCL5) and 1 chemokine
receptor (CCR7), shown previously to be associated with synovial inﬂam-
mation in patients undergoing meniscectomy by microarray pathway
analysis (C Scanzello A&R 2011), were measured by real-time PCR.
Results: Of the 40 patients undergoing synovial biopsy and analysis, 19
were female and 21 male, with mean ages of 29.1 and 38.4, respectively.
75% of the patients exhibited histological evidence of synovial inﬂamma-
tion in the suprapatellar area: 44.1% of patients scored 1 or 2, 44.1% scored
3 or 4, 5.8% scored 5 or 6, and 5.8% scored 7 or 8. Arthroscopically, meniscal
abnormalities (mostly tears) were observed in 19/40 patients (47%), and
cartilage defects were observed in 16/40 patients (40%). No associationwas
observed between the synovitis score and BMI, date of injury, time to
surgery, and frequency of cartilage defects or meniscal pathology. The
patients were divided in two groups based on age: 19 of patients older
than 30 years and 21 patients younger than 30 yr. Meniscal tears were
associated with synovial inﬂammation in patients older than 30 yr. 16
synovial suprapatellar biopsies from patients> 30 yr were chosen for qPCR
analysis, 8 each from patients without synovial inﬂammation (grade 0-2)
and with synovial inﬂammation (grade 3-8). The levels of CCL5 and CCL19
mRNA were signiﬁcantly upregulated in biopsy specimens exhibiting
inﬂammation with associated fold-changes of 2.7 (P¼0.0426) and 4.7
(P¼0.0289) respectively.
Conclusions: In our study, we observed a high percentage of low-grade
synovitis (75%), meniscal tear (47%) and/or cartilage defects (40%) in
patients undergoing ACL reconstruction for traumatic ACL rupture. In
a cohort of patients > 30 years old, the presence of synovitis correlated
with evidence of a meniscal tear, suggesting a relationship between these
two pathologic processes. Preliminary analysis of mRNA expression
patterns in this group of patients conﬁrmed the upregulation of CCL5 and
CCL19. This is in agreement with previously published data (C Scanzello
A&R 2011). These two chemokines may play an important contributory
role in the pathophysiology of OA particularly in those patients having
synovial inﬂammation.
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TYPE IIB PROCOLLAGEN N-PROPEPTIDE INHIBITS ANGIGENESIS IN
CARTILAGE
Z. Wang, J. Bryan, L. Sandell. Washington Univ., St. Louis, MO, USA
Purpose: A fragment of type II procollagen N-propeptide, PIIBNP, contains
the classic integrin binding sequence RGDRGD. This sequence is conserved
across species, indicating potential biological function. We have previously
shown that recombinant PIIBNP induces death of tumor cells that expressintegrin avb3 and avb5. Data from HUVEC cell tube formation assay, mouse
aortic ring assay and mouse corneal assay showed that recombinant
PIIBNP inhibits angiogenesis both in vitro and in vivo (1). PIIBNP is
synthesized by chondrocytes liberated to matrix in cartilage. The goal of
this study was to determine the role that PIIBNP plays in cartilage in
keeping cartilage avascular and intact.
Methods: Detection of PIIBNP from cartilage. Cartilage was isolated from
limbs of P1 mice. Cartilage was smashed by crusher and PIIBNP was
extracted with SDS loading buffer, resolved by SDS-PEGE, and detected by
western blotting.
Mouse chondrocyte isolation. Chondrocytes were obtained by enzymatic
dissociation of ventral regions of rib cages from newborn mice. Chon-
drocytes were incubated with or without the presence of MMP inhibitor
for 48 hours. The medium from chondrocytes culture were used as the
conditioned medium.
Cartilage-aorta co-culture: Bovine and mice bones were used as control in
the cartilage-aorta co-culture experiments. Mouse cartilage or bone was
placed into inserts of a 24-well plate and cocultured with aorta in 3D
matrigel for 8 days. The microvessel outgrowth was visualized under
a light microscope (NIKON ECLIPS E800) and images were digitally pho-
tographed using a Q capture Retiga 2000R camera, and quantiﬁed with an
Image J software.
Results: We have been able to detect PIIBNP in cartilage (Fig. 1A) and
chondrocytes conditioned medium (Fig. 1B). In order to reasonably
hypothesize an effect of PIIBNP in cartilage, we sought to determine
weather cartilage inhibits angiogenesis in mouse aortic ring assays. The
results from cartilage-aorta coculture experiments showed that micro-
vessel outgrowth was seen only in control and in the presence of bone, but
not in the presence of cartilage (Fig. 2A). Since we and other have detected
PIIBNP in cartilage, it is possible that the PIIBNP in cartilage inhibited the
microvessel outgrowth. To further conﬁrm this, we performed aorta
angiogenesis assay in the presence of chondrocyte conditioned medium
and found that the chondrocyte conditioned medium inhibited 80 percent
of the microvessel outgrowth as compared with the control (Fig B). MMT
inhibitor GM6001 inhibits the production of PIIBNP and the cartilage
treated with GM6001 did not inhibit microvessel outgrowth in mouse
aortic ring assay. These data suggested that natural PIIBNP in cartilage
inhibits angiogenesis.
To further investigate the mechanism behind the antiangiogenesis of
PIIBNP, we treated HUVEC cells in culture with recombinant proteins.
Treatments with PIIBNP, but not GSTor mPIIBNP, induced disappearance of
VE-cadherin at cell-cell junctions (Fig 3A), suggesting that the engagement
of PIIBNP on cell surface elicited a signaling events involved in the inhi-
bition of angiogenesis by PIIBNP. This hypothesis is supported by the fact
that the PIIBNP, but not GST or mPIIBNP, induced activation of the Src
kinase (Fig 3B), consistent with previous report that integrin avb3 signaling
induces Src activation and VE-cadherin internalization.
Conclusions: We previously showed that recombinant PIIBNP induced
tumor cell death via binding to integrin avb3 and avb5, and suppresses
tumor growth in nude mice. The data presented here suggested that the
natural occurring PIIBNP in cartilage most likely inhibits angiogenesis. We
have detected the existence of PIIBNP from P1 chondrocyte conditioned
mediumwhich also inhibits angiogenesis. Since PIIBNP reaches the highest
level during cartilage formation and it kills tumor cell, it is an excellent
candidate for the molecular mechanism by which cartilage remains
avascular and intact.
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IMMOBILIZATION INDUCED PROLONGED INFLAMMATORY CONDITIONS
IN RAT KNEE CAPSULE
A. Ando, H. Suda, Y. Hagiwara, Y. Onoda, E. Chimoto, E. Itoi. Tohoku Univ.
Sch. of Med., Sendai, Japan
Purpose: Joint immobilization often induces joint stiffness, however, it is
performed in daily examination in orthopaedics. Recent studies suggested
that the joint capsule was one of the main sources of joint stiffness.
In our previous reports, joint immobilization in rat knee joints induced
increased stiffness of the capsule, and up-regulated gene and protein
expressions in the capsule of ﬁbrotic factors, such as TGF-b1 and CTGF.
Though the precise etiology of joint stiffness has been still unknown,
prolonged inﬂammation is one of the possible causes. In this study, we
examined the histological changes of the capsule and expression of
inﬂammatory cytokines by quantitative PCR and immunohistochemistry.
Methods: Experimental Design: Unilateral knee joints were immobilized
at 150 of ﬂexionwith a plastic plate andmetal screws for1, 3 days,1, 2, 4, 8,
16 weeks. Only screws were inserted for sham-operated rats. The immo-
bilized rats and sham-operated rats made up the immobilized group and
the control group, respectively. One hundred and twelve ratswereprepared
for histological analysis (n ¼ 8/each period). Thirty rats were prepared for
quantitative PCR (1 day, 1 week, and 4 weeks; n ¼ 5/each period).
Histology & Immunohistochemistry: The rats were ﬁxed with 4% PFA in
0.1M PBS and the resected knee joints were decalciﬁed in 10% EDTA in
0.01M PBS and embedded in parafﬁn. Five-mm sections were obtained at
the medial mid-condylar region of the knee in the sagittal plane. The
sections were stained with Elastica-Masson and the number of cells per
unit in the capsule was counted. The sections were stained with rabbit
anti-rat IL-6 antibody (Abcam, ab6672) and rabbit anti-rat IL-1b (Ab
Frontier, LF-PA50204), and the expression patterns in the capsule were
examined. Quantitative PCR: The anterior and posterior capsule were
harvested and immediately placed in 1 ml QIAzol (Qiagen). The tissue was
homogenized, the total RNAwas puriﬁed (RNeasy Lipid Tissue Kit, Qiagen),
and the cDNA was synthesized (cDNA Synthesis Kit, Invitrogen). Therelative expression levels of IL-6, IL-1a, IL-1b, TNF-a, and TNF-b as a func-
tion of EF1a1 was calculated.
Results: Histology: The number of cells in the control groups was almost
unchanged throughout the experimental periods. The number of cells at 1
daywasnot changed, however, thenumberat 3 dayswas signiﬁcantly higher
in the immobilized group. The number of cells in the immobilized groups
peaked at 3 days and then gradually decreased after 1 week. Immunocyto-
chemistry: The staining intensity of IL-6 in the capsule was weak at 1 day,
however, the intensitywas stronger at 3 days in the two groups. The staining
intensity in the control groups peaked at 3 days, and decreased after 1week.
The strong staining intensity in the immobilized groups was kept until 4
weeks, and then became weaker at 8 weeks. The staining intensity of IL-1b
was similar fashion to IL-6. Quantitative PCR: Increased expression of IL-6
was observed at 1 day in the two groups. The expression levels in the control
groups were normalized after 1 week, whereas, the expression levels in the
immobilized groups were kept higher level at 1 week.
Conclusions: The prolonged inﬂammatory conditions were kept in the
joint capsule after immobilization. Increased number of cells in the
immobilized group may support the results. It was indicated that pro-
longed inﬂammation and subsequent ﬁbrosis of the joint capsule was
a main pathology of the joint contracture after immobilization.
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CHANGES ON THE EXPRESSION OF ECTOPIC INHIBITOR PROTEIN
SUBUNIT OF F1-F0 ATP SYNTHASE (IF1) IN OSTEOARTHRITIS.
R. Aguilar-Gaytán, F. Pérez-Jiménez, C. Landa-Solís, C. Ibarra. Natl. Inst. of
Rehabilitation, Mexico, City, Mexico
Purpose: Osteoarthritis (OA) is a disease characterized by the cartilage
degradation, and involves the entire joint, including the subchondral bone,
synovial membrane, menisci and periarticular structures. The inﬂammation
and angiogenesis occurs at the osteochondral junction as well as within the
osteoarthritic synovium providing a potential mechanism for the genesis of
pain in knee OA. Menisci play a role in the OA disease while is injured and
there is a strong association between meniscal damage/degenerative tears
and cartilage loss with pathological changes extracellular matrix degenera-
tion with secretion of cytokines and growth factors. A few studies have
investigatedonmeniscal cells in theprocessofOAandangiogenesis.Previous
studies have demonstrated the ectopic localization of mitochondrial F1-F0
ATP synthase as a target for anti-angiogenesis intervention. It has been
shown that b subunits of ATP synthase bind angiostatin on cell surface of
endothelial cells (EC) and mediate down-regulation of endothelial cell
proliferation and migration. Some data suggest that angiostatin inhibits
vascularization by suppression of endothelial ATP metabolism regulating
vascular physiology. Angiostatin blocks IF1 subunit binding at the same
binding site on ATP synthase and abolishes its ability to conserve ATP. We
demonstrated the distribution of IF1 subunit on OA knee joint and evaluate
the regulation of the ectopic expression of IF1 by IL-1b and TNF-a.
Methods: The identiﬁcation of the IF1 subunit of ATP synthase was using
ﬂow cytometry and confocal microscopy using rabbit polyclonal anti-
bodies on cultured human menisci cells. The distribution was detected by
immunoﬂuorescence using the same antibodies.
Results: The ﬂuorescence microscopy results showed a superﬁcial carti-
lage and meniscus marker distribution of IF1 in control whereas the IF1
signal was localized on subchondral bone and hypertroﬁc chondrocytes in
OA samples. Human menisci cells were cultivated after digestion with
collagenase 2 and incubated with polyclonal antibody against IF1 subunit
to show a plasma membrane location in control and different distribution
on OA samples. Histograms of ﬂow cytometry show changes on the IF1
membrane expression under TNF-a and IL-1b. There is low expression of
ectopic IF-1 under IL-1b effect.
Conclusions: We showed that the distribution of the IF1 subunit of ATP
synthase on joint knee change under OA and this expression is regulated
by IL-1b and TNF-a.
